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(57) ABSTRACT

A method for processing an image of a surface of a tire under
inspection is described. A three-dimensional digital image of
the surface is captured and, for each point of the captured
image, a grey-level value corresponding to an elevation is
assigned to the point. Utilizing a first morphological operator
that uses a rectangular key element, a closure-type first trans-
formation of the image of the surface is carried out. Utilizing
a second morphological operator that uses a rectangular key
element, an opening-type second transformation of the sur-
face is carried out. For each point of the image, a grey-level
value equal to a minimum value between a grey-level value at
that point obtained in a preceding step and a grey-level value
at that point is assigned, so as to eliminate false measurement
points.

8 Claims, 2 Drawing Sheets




US 9,230,337 B2
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS
2003/0012453 Al 1/2003 Kotlikov et al. ............. 382/275

2004/0071334 Al 4/2004 Hassleretal. .. ... 382/141
2005/0259859 Al* 11/2005 Hassleretal. .. .. 382/141

2007/0209431 Al* 9/2007 Fujisawa et al. .. 73/146
2008/0218742 Al* 9/2008 Sakodaetal. ... .. 356/73
2008/0319706 Al* 12/2008 Uffenkamp et al. 702/150
2011/0013823 Al 1/2011 Joly ............ ... 382/141
2011/0018999 Al* 1/2011 Jolyetal. . ... 348/148
2011/0019903 Al* 1/2011 Jolyetal. .... ... 382/141
2011/0069323 Al* 3/2011 Takahashi et al. ... 356/625
2013/0202156 Al 82013 Jolyetal. ..... ... 283/104
2013/0208949 Al 82013 Jolyetal. . .. 382/103

OTHER PUBLICATIONS

P. Salembier et al., “Hierarchical Morphological Segmentation for
Image Sequence Coding,” IEEE Transactions on Image Processing,
vol. 3, No. 5, pp. 639-651 (1994).

Z. Tauber et al., “Review and Preview Disocclusion by Inpainting for
Image-Based Rendering,” IEEE Transactions on Systems, Man, and
Cybernetics: Part C: Applications and Reviews, vol. 37, No. 4, pp.
527-540 (2007).

J. Davis et al., “Filling Holes in Complex Surfaces using Volumetric
Diffusion,” Proceedings of the First International Symposium on 3D
Data Processing Visualization and Transmission, 15 pages (2002).
J. Oh et al., “Ranked Directional Morphological Filtering of Impulse
Noise in Images,” Proceedings of the IEEE International Conference
on Acoustics, Speech, and Signal Processing, vol. 6, pp. 2167-2170
(2000).

Li Jie, “Detecting Tire Tread Morphology Based on Laser Triangu-
lation,” Master’s Thesis (full document), Changchun University of
Science and Technology (Feb. 15, 2010).

Dong Jiyang et al., “A Simple Algorithm for Removing Salt and
Pepper Noise from Gray-scale Image,” Computer Engineering and
Applications, vol. 20, pp. 27-29 (2003).

* cited by examiner



U.S. Patent Jan. 5,2016 Sheet 1 of 2 US 9,230,337 B2




,230,337 B2

US9

Sheet 2 of 2

Jan. 5§, 2016

U.S. Patent

g3

L.

Fig 4

Fig 5




US 9,230,337 B2

1
ANALYSIS OF THE DIGITAL IMAGE OF THE
INTERNAL SURFACE OF A TYRE AND
PROCESSING OF FALSE MEASUREMENT
POINTS

FIELD OF THE INVENTION

The invention relates to the field of tyre manufacture and
more particularly the field of automatic inspection of the
surface of a tyre for the purpose of establishing a diagnosis of
conformity with preestablished references.

RELATED ART

One of the steps of this process consists, in a known man-
ner, in acquiring the three-dimensional image of the surface
of the tyre.

The acquisition of this image is carried out with the aid of
means based on the principle of optical triangulation, using
for example a 2D sensor coupled with a light source of the
laser type.

The topographical image of the tyre surface is in fact a
two-dimensional image, called a grey-level image, in which,
with every point, i.e. with every pixel (x, y) of the image, is
associated a value f(x, y), called grey level, and usually
between 0 and 255. This value of grey level may usefully be
encoded on 8, or 16 bits for a better dynamic. The grey level
represents the altitude of this point relative to the surface. For
encoding on 8 bits, the value 255 (white) corresponds to the
highest altitude, and the value 0 (black) corresponds to the
lowest altitude. As a general rule, the pixels of the image are
placed in lines and in columns.

It is however observed that the image of the surface origi-
nating from these acquisition means may have false measure-
ment points which it is necessary to identify and to cause to
disappear before undertaking the subsequent digital pro-
cesses. Otherwise, the analysis algorithms could incorrectly
consider these zones to be structural anomalies of the tyre to
be inspected.

These points as a general rule appear in the zones with high
texture, in which the measurement noise is considerable. The
camera incorrectly records the information originating from
the reflected light instead of considering the information
originating from the incident beam. These false measurement
points therefore appear to be lighter lines in a relatively uni-
form image background. This situation occurs in particular
when the internal surface of the tyre is considered.

All these points, called false measurement points, are dis-
tinguished by the fact that they have positions that are
extremely offset relative to the points situated in their imme-
diate environment. “Extremely offset” in this instance means
an offset of more than 4 or 5 mm which is therefore markedly
distinguished from the variations of profile commonly
appearing on the surface of a tyre.

BRIEF DESCRIPTION OF EMBODIMENTS OF
THE INVENTION

The object of the invention is to propose a simple process-
ing method making it possible to identify these points, and a
method of correcting the digital values describing the surface.

The method for processing the three-dimensional digital
image of the external surface of a tyre according to the inven-
tion provides for the use of methods for processing an image
with the aid of tools of the morphological type.

These methods consist, in a known manner, in modifying
the patterns of the image with tools making it possible to
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erode it or to expand it. In the present case, this amounts to
modifying the reliefs of the surface to be inspected.

The morphological operations of erosion and of expansion
consist, for each point of an image, in finding the minimum
value or the maximum value of grey level of the adjacent
points included inside a key element, of given shape and
surface area, centred on the point to be analysed and defining
a surrounding area of this point. For an erosion, the value at
this point then becomes the minimum value and, for an expan-
sion, the value at this point becomes the maximum value. The
combination of an erosion followed by an expansion is called
an opening, and the combination of an expansion followed by
an erosion is called a closure.

According to the invention, the method for processing the
three-dimensional digital image of the surface of a tyre con-
tains the steps during which:

the three-dimensional image of the said surface is captured

and a value of grey level corresponding to its elevation is
assigned to each point of the acquired image,

with the aid of a first morphological operator using a rect-

angular key element, a first transformation of the image
of the surface of the closure type is carried out,

with the aid of a second morphological operator using a

rectangular key element, a second transformation of the
surface of the opening type is carried out,

at each point of the image, a value of grey level equal to the

minimum value between the value of grey level at this
point of the image obtained after the second transforma-
tion and the value of grey level at this point of the
acquired image is assigned so as to eliminate the false
measurement points.

Having observed that the false measurement points situ-
ated on the internal surface of the tyre have an elongate and
narrow shape in the direction perpendicular to the circumfer-
ential direction of the tyre, the morphological operator used
for the first transformation is preferably a rectangle of which
the length in the circumferential direction of the tyre is
between 50 and 100 pixels, and the width in the direction
perpendicular to the circumferential direction is less than 10
pixels.

For the same reasons, the morphological operator used for
the second transformation is preferably a rectangle of which
the length in the circumferential direction of the tyre is
between 500 and 1000 pixels, and the width in the direction
perpendicular to the circumferential direction is less than 10
pixels.

This method applies advantageously to the inspection of
the internal surface of the tyre.

BRIEF DESCRIPTION OF THE DRAWINGS

The following description is based on FIGS. 1 to 5 in
which:

FIG. 1 represents a schematic view of a means for captur-
ing the image of the surface of a tyre,

FIG. 2 represents the image of the internal surface ofa tyre
originating directly from the image capturing means,

FIG. 3 represents the image of the internal surface after
processing with the aid of the first transformation,

FIG. 4 represents the image of the internal surface after
processing with the aid of the second transformation,

FIG. 5 Picture 5 represents an image of the internal surface
after processing with the aid of the method according to the
invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

The acquisition of the image of the surface of a tyre is
illustrated in FIG. 1. As an example, this acquisition is carried
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out with the aid of a slot light emitted by a laser 1, and of a
camera 3 capable of capturing the 2D image of the lit surface.
The camera is positioned such that its direction of aim forms
a given angle a with the beam emitted by the laser source. By
triangulation, it is then possible to determine the coordinates
of the element of relief 2 relative to the supporting surface 4.
As a general rule, the slot light is directed in an axial or radial
direction, perpendicular to the circumferential direction cor-
responding to the direction of rotation imposed on the tyre in

order to capture a complete image of its surface. Ateach point 10

(x,y) of the supporting plane, a value of grey level is assigned
that is proportional to the elevation of this point relative to the
surface of reference.

FIG. 2 represents the image originating from this capture.
The presence of false measurement points, marked PFM, is
observed. These points appear as lighter elements of elongate
shape. They are therefore situated abnormally above, or even
far above, the points of the surface that are close to them and
correspond to no particular relief.

This image is then modified with the aid of a first process
using a morphological operator of rectangular shape so as to
reduce the disruptions in the detection of the false measure-
ment points caused by the presence of textured patterns, and
to highlight the false measurement points. The size of this
operator is adjusted to the size of the textured patterns that it
is sought to filter out. In this instance, good results are
obtained with an operator of which the length in the circum-
ferential direction of the tyre is between 50 and 100 pixels,
and the width in the direction perpendicular to the circumfer-
ential direction is less than 10 pixels.

FIG. 3 is a partial view of the image of the surface of the
tyre after the first process has been carried out.

The second process is designed to remove the fine objects
appearing in the image originating from the first process, such
as the false measurement points. Accordingly, advantage is
taken of the elongate shape of these anomalies to adjust the
shape of the key element used for the second process which
corresponds, in this case, to an opening. A rectangle of which
the length in the circumferential direction of the tyre is
between 500 and 1000 pixels, and the width in the direction
perpendicular to the circumferential direction is less than 10
pixels gives satisfactory results in these circumstances.

FIG. 4 illustrates the image transformed with the aid of the
second process. It can be seen that the zones containing the
false measurement points are exempt from abnormal lines.

The last step of the process then consists in assigning to
each pixel the value of grey level, and hence an elevation,
which corresponds to the minimum value between the value
of this grey level at this point of the acquired image and the
value of grey level at this point of the image originating from
the second transformation. The values of grey level of the
obtained image are equal to the values of grey level of the
acquired image except for the false measurement points for
which the value of grey level corresponds to the value origi-
nating from the image transformed with the aid of the second
transformation. This process makes it possible to reconstitute
at these points a continuity of the texture that is present in the
acquired image.

As has been indicated above, this method applies particu-
larly well to the highly textured zones, and in particular to the
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internal surfaces of the tyre. However, in a non-limiting man-
ner, it is not out of the question to use this same method to
refine the images of the external portion of the surface of the
tyre when the latter images comprise textured zones.

The invention claimed is:

1. A method for processing an image of a surface of a tyre,
the method comprising:

digitally processing an acquired three-dimensional digital

image of the surface by using a computer processor to:
for each point of the acquired image, assign a grey-level
value level corresponding to an elevation of the point;
utilize a first morphological operator, which uses a rectan-
gular key element, to perform a closure-type first trans-
formation of the image of the surface;
utilize a second morphological operator, which uses a rect-
angular key element, to perform an opening-type second
transformation of the surface; and
for each point of the image, assign a grey-level value equal
to a minimum value between a grey-level value of grey
level at that point in a preceding step after the second
transformation and a grey-level value at that point of the
image, so as to eliminate false measurement points,

wherein a result of the processing of the acquired image is
used to determine where the tyre is in compliance with a
reference.

2. The method according to claim 1, wherein the first
morphological operator used for the first transformation is a
rectangle of which:

alength in a circumferential direction of the tyre is between

50 and 100 pixels, and

a width in a direction perpendicular to the circumferential

direction is less than 10 pixels.

3. The method according to claim 1, wherein the second
morphological operator used for the second transformation is
a rectangle of which:

alength in a circumferential direction of the tyre is between

500 and 1000 pixels, and

a width in a direction perpendicular to the circumferential

direction is less than 10 pixels.

4. The method according to claim 2, wherein the second
morphological operator used for the second transformation is
a rectangle of which:

alength in a circumferential direction of the tyre is between

500 and 1000 pixels, and

a width in a direction perpendicular to the circumferential

direction is less than 10 pixels.

5. The method according to claim 1, wherein the acquired
image is that of an internal surface of the tyre.

6. The method according to claim 2, wherein the acquired
image is that of an internal surface of the tyre.

7. The method according to claim 3, wherein the acquired
image is that of an internal surface of the tyre.

8. The method according to claim 4, wherein the acquired
image is that of an internal surface of the tyre.
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